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Final Presentation
Karl Miller Center
LEED Platinum Certified 
Kyhetica Lattin
(Oct 11, 2018)
Renovated (Offices)
Atrium (Public Area)
Pavilion (Classroom)
● KMC is the third PSU building to 
achieve LEED Platinum status
● Mixed-mode building
● Passive Ventilation Design
● Energy Use Intensity(EUI)
➢ Pre-renovation EUI = 63 kBtu/gsf/year
➢ 2018 EUI = 25  kBtu/gsf/year
➢ 2019 EUI calculation in process            
Previous Studies
● Post-Occupancy Survey
Ky’s Research  
(Fall 2017 - Pavilion Classrooms only)
● Perception & Performance study
- 741 responses across 23 classes in 8 Pavilion classrooms
- 80% of Pavilion responses landed in the comfortable range. 
- 82% comfort level on renovated side (HVAC present)
- ASHRAE 55 Standard: Strive for at least 80% of occupants satisfied.
Previous Studies
● Omar Abu Salaiman & Jocelyn Reynolds
Green Building Internship  (2018)
● Recommendation
● Post-Occupancy Survey (Renovated classrooms only)
● No classes held in Pavilion summer 2018
● Apply ideal comfort range from survey to Pavilion classrooms 
- No classes after 12pm in certain Pavilion 
classrooms
Research goals
Investigate Pavilion-side building performance in Summer Classrooms 
Initiate long-term monitoring of Indoor air pollutant concentrations in KMC
Survey students taking classes in Pavilion classrooms 
during summer 2019 term.
Analyze data to update classroom scheduling recommendations.
Data Collection
● Building Automation System (BAS) 
Temperature, CO2 and window status for each 
classroom     
● Kestrel data loggers
Temperature and relative humidity
● Purple Air particulate concentration 
sensors 
PM1.0, PM2.5, and PM10
Classroom Sensor Deployment
Instruments
● Deployed Instruments
Kestrel  x15   
Purple Air - x15  
Weather Station - x1 
● Data set
BAS - 30 minute increments
Purple Air - 80 second increments 
Kestrel - 5 minute increments
● NOAA/NWS
Hourly outdoor temperature 
Data Collection
Deployment
Deploying classroom sensors
● Location
- Pavilion-side Classrooms  
- Renovated-side classrooms                          
- Outdoor patio
- Rooftop                     
● Strategies
- Pairing Classrooms 
- Place based on cardinal direction on 
patio                                
1st 2nd
3rd 4th
5th roof
N
Pre-design natural ventilation simulation
Behnisch Architekten 2015 
2015 document simulating 
natural-ventilation conditions and 
comfort levels
Temperature Analysis 
Summer 2019 Indoor/Outdoor Pavilion Temperatures
Finals week spring 2019
Warmest week of 2019
Finals week of Spring term 2019
Summer 2019 Snapshot
Temperature Analysis 
Fall 2017 Ky’s Survey Data - Pavilion classrooms only
Survey Analysis
● A neutral perception of thermal 
comfort dominates with low 
numbers at the extremes
● 80% of respondents satisfied
Survey Timeline
Survey Analysis
6/26
Prepared Survey Set
- IRB Approved
- ASHRAE 55 Guide line
Conducted First Survey
- 93 students from 5 classes
7/17-
8/1
Analysis
- Compared to previous 
survey data
- Identified patterns
8/28
Conducted Second Survey
8/14
Survey Design
Survey Analysis
● Anonymous
● 6 multiple-choice and one 
open-ended question
● Question #2: Cumulative 
comfort level over entire 
term
● Question #3: Comfort level 
at time of survey
● Question #4: Personal 
control experience
● Question #5: Air quality 
perception
● Question #6: Recognition 
of KMC sustainable 
features
Summer 2019 Survey Results
Survey Analysis
● 93% of users are satisfied 
with their comfort level in the 
Pavilion classrooms.
● 13% Improvement over 2017 
survey
○ Building operation 
improvements in years 
since construction.
● Final result: 6 survey 
distributions totaling 124 
students.
Individual thermal comfort at time of survey
Outside temperature of 77F, 
inside 77F
Outside temperature 84F, 
inside 75F 
Question #3: “Please select the option that best describes your thermal comfort level today”
Survey Analysis
Comparison to indoor and outdoor temperatures at time of 
survey
Survey Analysis
Determination of Ideal Classrooms
1. Count number of days a given 
room is over a certain 
temperature
2. Revise Room Ranking
3. Room 390: 16 days over 78
4 days over 80
Room 495:   4 days over 78 
1 day over 80 
Room 295:   2 days over 78 
0 days over 80
Temperature Analysis 
Room Total Score 2019 Classes
295 87 1
495 92 1
185 127 4
485 138 1
290 140 5
180 172 4
285 187 4
190 188 2
580 203 2
385 229 2
380 238 3
590 286 1
480 299 2
390 314 1*
Number of days over a given temperature
Room 75 76 77 78 79 80
180 28 19 14 8 4 2
185 34 20 11 5 0 0
190 37 27 15 8 4 0
285 43 31 15 4 3 1
290 36 23 11 5 1 0
295 28 17 4 2 1 0
380 49 34 23 9 2 1
385 48 31 19 9 4 1
390 44 33 22 16 10 4
480 45 34 22 14 8 4
485 36 21 13 4 1 0
495 26 12 7 4 1 0
580 40 24 18 10 3 1
590 47 36 25 14 6 1
Summer 2018 Summer 2019
Determination of Ideal Classrooms
Temperature Analysis
● Initial phase
○ Deployment likely to last one full year
● Comparison of particulate concentrations in naturally ventilated and mechanically 
ventilated classrooms.
● Summer 2019 outdoor particulate levels very low.
○ Absence of wildfire smoke and other elevated pollution air pollution events.
Air Quality Research
KMC 495 vs. Outdoor PM 2.5 concentrations
Air Quality Research
● Levels in KMC are within National Ambient Air Quality Standards (1990 Clean Air Act)
○ 12 micrograms/m3 averaged over 1 year.
Background
Night Purge Effectiveness
● What is Night Purge?
Night purging is the removal of heat from a building by bringing in cool night time air without the use of 
active HVAC cooling and ventilation.  
Night Purge Performance on hot week (6/10 - 6/14 Room 495)
Night Purge Effectiveness 
● Pavilion finals week performance
- 6/10 - 6/14
- Highest Outdoor Temperature: 96.0 F 
- Highest Classroom Temperature: 82.6 F 
- Room 495 (Pavilion side)
● Average Temperature Drop After NP: 0.58 F 
● Outcomes
1. Overheating causes more temperature drop 
(Pressure Difference) 
2. Design Intention proposed 
“NP is more effective with increasing Indoor Air 
Velocity”
New Night Purge Simulations & Result
Night Purge Effectiveness
● 4 different simulations
- Sample room: Pavilion room 495
- Operation hours : Midnight ~ 6 AM 
Simulation 1 (8/2)
- Ceiling fans off  
Windows open
Simulation 2 (8/5)
- Ceiling fans on  
Windows closed
Simulation 3 (8/22)
- Ceiling fans on  
Windows open
Simulation 4 (8/23)
- Exhaust fan on 
Windows open
● The current setting
- Operated by temperature
- No time setting for NP 
Findings
Night Purge Effectiveness
● Opening windows only is not effective. The average night purge drop in during Final week was 0.58
● We assume that opening windows with ceiling fans support or exhaust fan support will bring more 
temperature down
● We believe the range of temperature drop-in would more deeper if the outside temperature were higher.  
Update of classroom prioritization
Recommendations
Key changes: Emphasize 295,495
                         Deprioritize 180,185
Posting Classroom Direction & Information Poster
Recommendations
“Satisfaction with both thermal comfort and air quality increases significantly in buildings that provide people with 
some means of personal control over their environment, such as thermostats or operable windows” 
- CBE Research
Sustainable building feature informed levelWall-mounted Controller experience level
● Survey data
Posting Classroom Direction & Informative Poster
Recommendations
Design Suggestions
Recommendations
- Sea-Tac Airport Sustainability Advertisement
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Questions & Comments
Thank you !
